
2.3 Detector layout and optimisation
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Figure 2.4: Global view of the HGTD to be installed on each of two end-cap calorimeters. The
various components are shown: hermetic vessel (front and rear covers, inner and outer rings), two
instrumented double-sided layers (mounted in two cooling disks with sensors on the front and back
of each cooling disk), two moderator pieces placed inside and outside the hermetic vessel.

Pseudo-rapidity coverage 2.4 < |h| < 4.0
Thickness in z 75 mm (+50 mm moderator)
Position of active layers in z ±3.5 m
Weight per end-cap 350 kg
Radial extension:

Total 110 mm < r < 1000 mm
Active area 120 mm < r < 640 mm

Pad size 1.3 mm ⇥ 1.3 mm
Active sensor thickness 50 µm
Number of channels 3.6 M
Active area 6.4 m2

Module size 30 x 15 pads (4 cm ⇥ 2 cm)
Modules 8032
Collected charge per hit > 4.0 fC
Average number of hits per track

2.4 < |h| < 2.7 (640 mm > r > 470 mm) ⇡2.0
2.7 < |h| < 3.5 (470 mm > r > 230 mm) ⇡2.4
3.5 < |h| < 4.0 (230 mm > r > 120 mm) ⇡2.6

Average time resolution per hit (start and end of operational lifetime)
2.4 < |h| < 4.0 ⇡ 35 ps (start), ⇡ 70 ps (end)

Average time resolution per track (start and end of operational lifetime) ⇡ 30 ps (start), ⇡ 50 ps (end)

Table 2.1: Main parameters of the HGTD.
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In 2029, the high-luminosity phase of 
LHC will start  

• I n s t a n t a n e o u s l u m i n o s i t y u p t o              
7.5 x   cm-2 s-1 

• Main challenge: separate collisions very 
close in space (~1.6 vertices per mm) 

• Solution: HGTD in the forward region 
of the ATLAS detector providing 
precise timing information combined to 
a full silicon tracker (ITk) providing high 
precision tracking

1034

Full demonstrator: schedule and plans
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New tasks on 54-module demonstrator Four batches: modules + support units → detector unitsFirst DU at CERN, second DU (expected mid-Oct), third DU (mid-Nov) 
(ALTIROC2 modules)
Fourth DU ALTIROC3 modules → need bent module flex 

Readout and DAQ 
developments, full chain

Bring DCS developments 
with FELIX

Noise scans, tests with 
(NSW/off the shelf) LV PS  

Outer ring + pigtails
(necessary for grounding tests)

Peripheral Electronics Board

• Peripheral Electronic Boards (PEB) are integral components of the overall detector system. 
• They play a crucial role in managing data transmission, power distribution, control, and 

monitoring within the system.

• Intensive work on characterising all individual components on 
its prototypes 
• DCDC converter bPOL12V-in depth investigated regarding space constraints, 

power efficiency 

• Intense tests communications via lpGBT withthe FELIX readout card  
• MUX64: analogue multiplexer (for monitoring ASIC power supply and 

temperature) 

ITk 
Position information

HGTD 
Timing information
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Overview of the ATLAS High-Granularity Timing 
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Sensor results

Peripheral Electronics Board

8032 modules: 2 silicon sensors bump-bonded 
to 2 ALTIROC (ATLAS LGAD Timing Integrated 
Read Out Chip) ASICs 

 Ongoing: bench tests of ALTIROC2 modules 
on flex PCB 

 Next step: bench tests of ALTIROC3 modules 
(radiation hard version of ALTIROC2)

→

→

Module & Sensor
• Provides time of arrival (TOA), time over threshold (TOT) 

and luminosity (number of hits per bunch crossing) 

• Small jitter required: 25 ps at 10 fC, <70 ps at 4 fC 

• ALTIROC3 bench tests were successful, robustness of the 
hybridisation needs to be tested 

 Ongoing: tests of ALTIROC3 (beam tests in autumn) and 
design of pre-production chip 

 Next step: ALTIROC chip pre-production

→

→

• Two end-caps located at z 3.5 m 

• Active area : 2.4 < <4.0, 12 < R < 64 cm 

• Each is two double-sided layers of modules mounted on cooling disks 

• Target time resolution: 30 (50) ps per track, 35 (70) ps per hit at the 
start (end) of HGTD lifetime

±

|η |

4.3 Hybrid HGTD module

Figure 4.6: Global architecture of the ALTIROC ASIC. The schematic of one Front End electronics
channel is displayed on top of the channels matrix, with the preamplifier followed by a discriminator,
two TDCs, and a digital front end block.

The analog Front End electronics of each channel is the most critical element to reach low
jitter. The sensor signal is amplified using a voltage preamplifier. Taking into account
the non-negligible duration of the LGAD signal (approximately 1 ns), a preamplifier with
about a 1 GHz bandwidth, is enough. The preamplifier is followed by a fast discriminator.
The leading edge of the output (Time Of Arrival, or TOA) provides the start of a Time to
Digital Converter (TDC) using a Vernier delay line configuration. The stop is given by
the clock. This start-stop structure minimizes the power dissipation when hits are absent.
The quantisation step is 20 ps, which does not contribute significantly to the expected time
resolution. The TOA measurements are restricted to a 2.5 ns window centered on the bunch
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• On detector electronics: lpGBT (Low Power Giga Bit 
Transceiver), DC-DC converter, VTRX+, multiplexer 

• Managing data transmission, power distribution, 
control and monitoring of the system 

 Ongoing: Work on the characterisation of 
individual components, prototypes under fabrication
→

Prototypes used to validate design and integration: 

• H eat e r d e m o n s t ra t o r ( d o n e ) : s t u d y t h e r m a l 
performance with 13 silicon-based heater and validate 
the module loading procedure

Demonstrator

• DAQ demonstrator (ongoing): to develop the full 
chain readout for timing and luminosity data and 
validate the PEB  

• Full demonstrator (next step): to validate the full 
system integration and to test the electronics 
calibration

Peripheral Electronics Board

• Peripheral Electronic Boards (PEB) are integral components of the overall detector system. 
• They play a crucial role in managing data transmission, power distribution, control, and 

monitoring within the system.

• Intensive work on characterising all individual components on 
its prototypes 
• DCDC converter bPOL12V-in depth investigated regarding space constraints, 

power efficiency 

• Intense tests communications via lpGBT withthe FELIX readout card  
• MUX64: analogue multiplexer (for monitoring ASIC power supply and 

temperature) 

LGAD (Low Gain Avalanche Detector) : standard 
n-p silicon detector with additional p-type 
doping layer 

• Size: 15x15 pads (1.3x1.3 mm2 each) and 
m thick 

• Time resolution: 30 (50) ps per track at the 
start (end) of  HL-LHC 

• Collected charge: 10 (4) fC at the start (end)

300 μ

• End-of-lifetime studies on carbon-enriched 
LGADs and tests with  (DESY) and  (CERN-
SPS) beams on irradiated LGADs 

• Good robustness to radiation: operate at 
-30°C to mitigate the impact of radiation 

• LGADs prototypes (from different vendors) 
meet HGTD requirements 

 Ongoing: sensor pre-production 

 Next step: test the pre-production to check 
they still meet the performance targets

e− π

→

→

Fig. 3. CAD view of an HGTD hybrid module equipped with its read-out flex cable tail [2].

leviated by increasing the applied reverse bias voltage. However, LGAD sensors heavily irradiated at
end-of-life radiation dose of 2.5 × 1015 neq cm−2 were found destroyed when being operated at high
bias voltage at the test beam. Such fatality has been studied and confirmed to be related to the so-
called Single Event Burnout (SEB) [5], imposing stringent limits to the electric field in LGADs after
a fluence in an order of 1015 neq cm−2. SEB is a well-known limiting factor when operating avalanche
diodes in a heavy radiation environment [6]. SEB event happens when a single particle deposits
enough energy (few tens of MeV) to cause a conductive path leading to a destructive breakdown.
Therefore, SEB often comes with a visual burnout mark on the surface of the device. A typical SEB
event is shown in Figure 4, where a heavily irradiated single-pad LGAD sensor was functioning (see
hit map shown on the left most figure) until SEB happened (shown by the second to the left figure)
causing a conductive path leading to a destructive breakdown, as seen in the rightmost microscope
photo.

Typical Single Event Burnout mark is shown in the right plot (2019 DESY test-beam with 5 GeV e). The 
reconstructed track in the SEB event pointed to the location of the burn mark (middle and right plot). All 
the reconstructed tracks distribution across the detector before SEB is shown in the left plot. 

ATLAS HGTD Preliminary

Fig. 4. Typical Single Event Burnout mark is shown in the right plot (2019 DESY test-beam with 5 GeV e−).
The reconstructed track in the SEB event pointed to the location of the burn mark (middle and right plot). All
the reconstructed tracks distribution across the detector before SEB is shown in the left plot.

The bias voltage threshold triggering SEB events depends on the sensor thickness [5]. A series
of test beam campaigns have been performed in 2021 and 2022 to study the SEB voltage threshold

4

4.3 Hybrid HGTD module
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Figure 4.4: Cross section of an LGAD (a) and simulated signal current in LGADs at start and after full
integrated neutron fluence (b).

and inter-pad gaps. These detectors have been exposed to protons, neutrons and X-rays
up to the expected maximum radiation levels (including the safety factors) and intensively
characterized in the laboratory (with probe station, b source, laser) or in beam tests (at CERN,
DESY, FERMILAB).

Under irradiation, the expected decrease of the charge yield can be mitigated by increasing
the bias voltage (up to 750 V operation voltage) and operating at low temperature (−30 �C).
Figure 4.5 summarizes results obtained in the laboratory, with dedicated electronics, for
sensors from different producers exposed to a neutron fluence up to 2.5 ⇥ 1015 neq cm�2. A
charge of 4 fC can be reached up to a fluence of 3 ⇥ 1015 neq cm�2 (Section 5.5.3), providing a
time resolution smaller than 70 ps per hit (Section 5.5.5). The performance of sensors from all
manufacturers is similar, even if before irradiation the optimal operating bias voltage might
be different because the doping profile is different. With a minimal charge of about 4 fC and
a discriminator threshold of about 2 fC, a hit efficiency of at least 95% is expected. For the
largest fluence, the Boron doping in the gain region has been mostly inactivated and half of
the remaining reduced gain is supplied by the bulk diode, due only to the large high bias
voltage applied. The time resolution in this domain is fully dominated by the electronics
jitter, thus dominated by the ASIC performance at low charge.

Intense R&D is still ongoing to improve the radiation hardness with deep narrow doping
implantation and carbon (C) implantation. Depending on the results of these studies,
discussed in detail in Chapter 5, the exact radius of the inner and middle rings might be
optimized. The operating voltage (Vop) needs to be adjusted with respect to the radiation
flux.
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54 modules on detector 
units mounted on the 
cooling plate

13

PEB

Pileup=200
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